Abstract An efficient and rapid in vitro propagation system for Satureja avromanica, a rare and endangered folk medicinal plant of Iran was developed through the shoot tip and leaf disc explants. Nodal and leaf explants from wild plants were established on MS and WPM media supplemented with BA, BAP and TDZ (0, 0.1, 0.5, 1, 1.5, 2, 5 and 10 mgl ), respectively. Based on results, the highest mean shoot number (6.21) was obtained on MS medium supplemented with 2 mgl −1 BA. Regarding the shoot elongation, MS supplemented with 2 mgl −1 TDZ and MS containing 5 mgl −1 BA showed the longest shoots (4.82 and 4.39 cm, respectively) after 6 weeks of culture. As a matter of fact, increasing all three tested cytokinins levels led to enhancement of explant response frequency and regenerated shoot number. On the other side, WPM medium supplemented with 0.1 mgl −1 IBA was found suitable for rooting of regenerated shoots. RAPD molecular analysis revealed genetic stability of in vitro raised plants. In conclusion, individual application of BA, BAP and TDZ were in favor of S. avromanica direct shoot regeneration while treatment media with a combination of IBA and BA as well as 2,4-D and TDZ resulted in callogenesis in most explants. Finally, the in vitro raised plantlets were acclimatized and successfully established in the greenhouse conditions. Our developed protocol can be employed for the large-scale micropropagation and conservation of S. avromanica as a threatened medicinal plant.
Introduction
Satureja is an important genus of the Lamiaceae family, which include 30 species, is primarily distributed in Mediterranean basin extended to Irano-Turanian geographical regions (Sefidkon and Jamzad 2005; Rechinger 1982 ). Among Satureja species, savory (Satureja hortensis L) is a famous medicinal and spice plant cultivated in many areas of the world which frequently are used as tea or additive in commercial and folk spice mixtures (Charles 2013) .
Satureja avromanica Maroofi is a newly introduced perennial herb with violet flowers covered by papilla, yellowish sessile glands and long bracted with geographic distribution exclusively restricted to Kurdistan Mountains, West of Iran up to 800 ft (Maroofi 2010) . S. avromanica is the only nonaromatic plant within about 3000 species of Lamiaceae family and just 150 individual plants have remained in the nature (Maroofi 2010) . Therapeutic properties of S. avromanica are not well clarified however, it commonly is used in the folk remedies as a new source of medicinal bioactive compounds with human health benefits. S. avromanica stock is threatened in the wild as it being indiscriminately exploited. Low seed viability, poor germination and slow growth rate coupled with extensive harvesting are reasons for S. avromanica extinction and endangering of the natural population (Karimi et al. 2014) .
In vitro conservation has proven to be an alternative tool for the rapid and efficient multiplication of rare and endangered medicinal and aromatic plant genotypes and in the present context, it can provide a continuous supply of plant materials from threatened germplasm species (Canter et al. 2006; Zhou and Wu 2006; Debnath, et al. 2006 ). To date, there has been an intensified effort to propagate and conserve medicinal plant species by in vitro culture techniques from various explant sources (Monemi et al. 2014; Gupta et al. 2014; Aremu et al. 2013; Siddique et al. 2010) . Therefore, the main goal of the present study was to develop a holistic approach for in vitro multiplication and conservation of S. avromanica as a potential medicinal plant to obviate the dependence on the natural population for the supply of raw materials. In addition, individual and interactive effects of different auxin and cytokinins in the course of direct and indirect regeneration were studied.
Regarding the in vitro propagation of related taxa, Arrebola et al. (1997) reported shoot multiplication of S. obavata from axillary buds. In a very recent study, indirect organogenesis from callus using hypocotyls explants developed for the S. hortensis and S. avoromanica (Karimi et al. 2014) however, this report is also insufficient to meet the need in time. The present article establishes a platform to achieve highthroughput shoot multiplication and direct organogenesis of S. Avoromanica by testing different concentrations of BA, BAP and TDZ individually and combination of IBA with BA and 2,4-D with thidiazuron.
Material and methods
Wild plants of S.avromanica were collected from Rocky Mountains of Kurdistan province (Avraman region, Belbar . All variables were evaluated after a period of 30 days. Murashige and Skoog (1962) and Woody plant medium (Loyd and McCown 1981) were used as basal media. To provide carbon source, 30 gl −1 commercial sucrose was used.
Before the addition of agar and autoclaving, the pH of prepared media was adjusted to 5.8 with 0.1 N NaOH or 0.1 N HCl. Two series of experiments were conducted. In the first experiment, to find out optimum hormonal level for maximum shoot induction and multiplication, the effect of eight concentrations (0, 0.1, 0.5, 1, 1.5, 2, 5 and 10 mgl −1 ) of BA, BAP and TDZ cytokinins were evaluated. In the second experiment, MS and WPM media were supplemented with BA (0, 2, 5, 10 mgl −1 ) together with IBA (0, 0.1, 0.5 and 1 mgl −1 ) and TDZ (0, 2, 5, 10 mgl −1 ) together with 2,4-D (0, 0.1, 0.5 and 1 mgl −1 ) respectively, to evaluate the effect of cytokinin/auxin combination on the S. avromanica callogensis and shoot regeneration. To initiate rooting, individual shoots with an average length of 2 cm were excised and cultured on half strength MS and WPM medium supplemented with various concentrations of IBA. Shoot multiplication variables (frequency of shoot regeneration, number To eliminate all traces of sucrose and culture medium, wellrooted plantlets were washed thoroughly with sterile water and then transplanted into plastic pots containing peat moss, coco peat and perlite in the ratio of 1:1:1 covered with perforated polythene bags to maintain humidity. Well irrigated and hardened plants were transferred to the greenhouse and kept under the nursery conditions for further growth. The experiment performed with four shoots per jar, and five replicate in each jar. Mean values of the various treatments were statistically analyzed using analysis of variance (ANOVA) and means were compared by Duncan's multiple-range test (DMRT) at the 5 % probability level using SAS software (Version 9.1). For the assessment of genetic fidelity, DNA was extracted from leaf samples of three randomly selected greenhouse acclimatized plants (SA) as well as mother plant of S. avromanica (SAM) using Doyle and Doyle (1978) protocol. Random amplified polymorphic DNA (RAPD) analysis was carried out based on the method described by Williams et al. (1990) . PCR reactions were performed in a 20 μl reaction mixture containing 5 ng template DNA using Reddy® PCR master mix (Cinaclone, Karaj, Iran) according to the supplier's manual. Three decamer oligonucleotide RAPD primers pair (OPS1, OPS2 and OPS3) were used for PCR amplification. 
Results and discussion

Shoot multiplication
To find out the effects of cytokinin type and concentration on shoot regeneration, shoot tip explants of S. avromanica were inoculated on MS and WPM media fortified with various concentrations (0.0-10 mgl −1 ) of BA, BAP and TDZ as cytokinin regulators (Table 1) . Although the explants cultured on MS and WPM media lacking phytohormone had some background regeneration but S. avromanica shoot regeneration was more effectively occurred with the shoot tip explants using the most tested cytokinin concentrations. Initiation of these adventitious shoot buds after 3 weeks and 100 % regeneration rate of the explants in some treatments, proving successful establishment of shoot cultures. Among three different cytokinins types and eight applied concentrations, the highest observed direct shoot regeneration rate (6.21) were obtained with MS medium fortified with 2 mgl −1 BA, while the highest values of main shoot length (4.82 and 4.39 cm) were obtained with explants treated on MS medium supplemented with 5 mgl −1 (Table 1 ). The frequency of explant response and axillary shoot number increased progressively when BA, BAP and TDZ concentration was enhanced (Table 1 ). In general, cytokine could significantly influence the multiplication of S. avromanica, and in course of regenerated shoot number, TDZ was better than BAP but less effective than BA. Our results substantiate with previous studies, where BA was the best PGR for the stimulation of multiple shoot formation, e.g. Saturea obovata (Arrebola et al. 1997) , Curculigo orchioides (Francis et al. 2007 ), Satureja horetnsis (Karimi et al. 2014) . The mechanism for multiple shoot formation can be due to suppression of apical dominance which is a general role of cytokinins (Hwang et al. 2012 ). The Table 2 shows shoot regeneration of S. avromanica explants in response to different concentrations of BA/IBA and TDZ/2,4-D combinations. In all cases, presence of IBA and 2,4-D auxins in conjunction with BA, BAP and TDZ cytokinins, decreased percentage of explants with direct shoot regeneration, while most cultured explant exhibited callogenesis (see following). Commonly, the auxin/ cytokinin proportion determine the fate of explant morphogenesis (Hwang et al. 2012) . Individual application of BA, BAP and TDZ were in favor of S. avromanica direct shoot regeneration whereas treatment media with combination of IBA and BA as well as 2,4-D and TDZ resulted in callogenesis in most explants. As shown in the Fig. 2g , we could obtain plantlet bearing flowers which produced viable seeds. This is worthy when acclimatization process is difficult for species with herbaceous leaf and stem.
Callus induction
Callogenesis was efficiently occurred by application of high concentrations of BA, BAP and TDZ individually or BA/IBA and TDZ/2,4-D combinations (Fig. 1) . As it was expected, no callus formation took place with leaf explants cultured on MS medium without the plant growth regulator (control) as well as in media containing 0.1 mgl −1 of BA, BAP and TDZ (Fig. 1) . 
OPS-3 Fig. 3 RAPD amplification profiles with primers OPS1, OPS2, and OPS3. M 1 kb molecular weight marker; SAM S. avromanica mother plant; SA1-SA3 in-vitro raised hardened plants. As shown, there is no polymorphism band between S. avromanica mother plant and in-vitro grown counterparts
The highest mean frequency of callus initiation (100 %) was achieved on the WPM medium containing 5 and 10 mgl −1 TDZ and 1 mgl −1 2,4-D. Like shoot direct regeneration, the frequency of callus formation was also increased progressively when BA, BAP and TDZ concentration improved (Fig. 1a) .
On the other side, low frequency of callus occurrence on MS and WMP media was observed when BA, BAP and TDZ were used separately at low concentrations. The appearance, size and color of the obtained calli varied depending on the type of the applied cytokinin and based on the auxin:cytokinin ratio. Calli originated from leaf explants on both MS and WPM media fortified with TDZ and 2,4-D were friable with light yellow color (Fig. 2b and c) which could regenerate successfully (D). In contrast, the calli developed on the other media were hard or semi-hard with milky color which failed to regenerate. In many studies, 2,4-D as an effective synthetic auxin could induce and maintain highly regenerative callus growth and it have been used individually or in combination with several cytokinins such as BA, BAP, and TDZ in Nerium odorum (Rashmi and Trivedi 2014) , Chamaecytisus purpureus and Chamaecytisus austriacus (Greinwald and Czygan 2014) and Dendrobium huoshanensei (Lee and Chen 2014) .
Root induction
The obtained microshoot cuttings were cultured on MS and WPM media supplemented with 0, 0.1, 0.2, 0.5 and 1 mgl −1 IAA. Table 3 summarizes the effect of different concentrations of IBA on rooting parameters including frequency of rooting (%), main root length (cm) and lateral root number. The maximum frequency of rooting (93 %) was achieved at 0.1 mgl
IBA with WPM medium, while shoots cultured on MS medium without IBA (control) exhibited only 46 % rhizogenesis. The highest value of root length (1.83) and root number (2.92) were obtained by using MS and WPM containing 0.1 mgl −1 IBA, respectively. Results also revealed a slight inhibitory effect of high IBA level on rooting, which has been proposed to be a general phenomenon (Swarna and Ravindhran 2012) . Optimal rhizogenesis using IBA has been shown for other plant species, including Viola pilosa (Soni and Kaur 2014) , Talinum triangulare (Swarna and Ravindhran 2012) and Teucrium stocksianum (Bouhouche and Ksiksi 2007) .
Acclimatization of in vitro-derived plants
The in vitro-derived plantlets with fully expanded leaves and well-developed roots were removed from the medium after 45 days of culture and treated with fungicide and washed in sterile double distilled water. The rooted plantlets were successfully acclimatized and eventually established in plastic pots containing peat moss, coco peat and perlite in the ratio of 1:1:1 under greenhouse condition. Of 100 plants transferred to greenhouse, 60 plants survived showing a survival rate of 60 % which was lower than Isodon wightii with 70 % (Thirugnanasampandan et al. 2010) , Teucrium stocksianum with 75-80 % (Bouhouche and Ksiksi 2007) , and Justicia gendarussa with 90 % of survival rate (Dennis Thomas and Yoichiro 2010) .
Assessment of genetic stability
From three studied primers (OPS1, OPS2 and OPS3), 45 distinguishable amplified bands were generated. Each primer generated a unique set of amplification products ranging in size from 250 to 3000 bp. Based on RAPD analysis, there was no polymorphism band between mother plant and invitro regenerated plantlets. (Fig. 3) . There are numerous reports on confirmation of the genetic fidelity of in vitro raised plantlets using RAPD fingerprints (Devi et al. 2013; Rawat et al. 2013; Sharma et al. 2009 ).
Conclusion
As a matter of fact, our protocol for in vitro propagation of S. avromanica can not only be helpful in supplying a continuous source of plant material for S. avromanica conservation, but also provide an alternative to environmentally and economically unwise random harvesting of plants from the wild. In the course of S. avoromanica domestication process, obtained plants can be further grown in the glasshouse or field to produce seed which then may be dispersed to establish new populations in the habitat nature S. avromanica. Although, further study also is needed to evaluate S. avromanica active bio-compounds and phytochemicals of ex situ and in vitro grown populations.
